INTRODUCTION
As polar liquid, water is able to dissolve many organic and inorganic components in smaller or larger degree and depending on source and environment of the water flow, water can be divided into few categories according to salt content [1] . The best for human consumption are soft and low mineral waters, but there are only few of a kind in the world. Usually water has high salt content which can cause many problems in water supply systems and industries where water is used for heating and washing [2] . Hard water can cause chemical and bio-corrosion of materials and also influences heat exchange processes [1] .
Heavy metals and their salts are usually present in water from industrial wastewater and cause big problem in ecosystem, and some of them are very rare and precious and can be reused for some applications [3, 4] . There are many techniques for *Corresponding author: Ivan Ristić E-mail: ivan.ristic@uns.ac.rs Paper received: 29. 06. 2017. Paper accepted: 12. 07. 2017. Paper is available on the website: www.idk.org.rs/journal heavy metal removal from water, many of them are easy to use, but additional processing of metallic waste is needed, which increases the price of whole process [5] . Some of these are precipitation, solvent extraction, different kinds of filtration, ionexchange, flotation and coagulation. Adsorption is nowaday very popular for use for metal ions removal, but the greatest limitation is low adsorption capacity of adsorbents and weak interactions with metallic ions [6] . Polymer and polymer based absorbents can also be successfully used for removal of pollution from water [7] .
Acrylamide and acrylic acid based polymers have a great potential of application in flocculation process [8] . Acrylic acid-based homopolymers and copolymers can be employed as flocculating and dispersing agents, depending on molecular weight and carboxyl content [9] . Polymers with low molecular weight and high carboxyl content act as suspending agents and can be used to keep the calcium away from precipitating. On the other hand, if the molecular weight is high (above 300000 g mol -1 ) and the carboxyl content is low, the polymers can be used as flocculants. Polymers with high carboxyl content can be obtained by ZASTITA MATERIJALA 58 (2017) broj 3 364 copolymerization of acrylic and maleic acid. The family of linear copolymers poly(acrylic acid-comaleic acid) (poly(AA-MA)) covers different products with a molecular weight within the range of 12,000 to 100,000 g mol -1 . The AA/MA copolymer mostly used in detergents has MW of about 70000 g mol -1 [10] .
Reaction mechanism for preparing acrylic acid based copolymers is radical polymerization, using different oxo-and amino-based initiators. It is exothermic reaction that is carried on in temperature range of 60-70 °C [11] . The present work proposes synthesis of acrylic acid and maleic anhydride based copolymers by radical polymerization in water solution. The influence of molecular weights of obtained copolymers on the metal absorption is discussed.
EXPERIMENTAL
Acrylic acid (AA) (98%), maleic anhydride (MA), potassium persulfate (KPS) and iron(II)sulfate 7H 2 O (Fe 2+ ) were purchased from Fisher Scientific. Synthesis was carried on in distilled water as reaction medium. Poly(acrylic acid-co-maleic acid) (poly(AA-co-MA) ( Figure 1 ) copolymers with differrent molecular weights were prepared by free-radical polymerization in water medium. Appropriate amounts of AA and MA (up to 40 wt% monomer content) in molar ratio 80/20 and 70/30, respectively, were added to distilled water and mixed until homogenized. Initiator KPS was added in the amount of 1%, while concentrations of chain length regulator Fe 2+ ions were 1, 3 and 5 wt% to the monomers content. Mixtures were stirred for 4 h at temperature of 60 ⁰C.
Figure 1. Chemical structure of poly(acrylic acid-comaleic acid) copolymers Slika 1. Hemijska struktura kopolimera poli(akrilna kiselina-ko-maleinska kiselina)
Molecular structure characterization of synthesized poly(AA-co-MA) copolymers was performed by Fourier transformed infrared spectroscopy (FT-IR spectrophotometer Bomem Hartmann &amp; Braun MB-series). The absorption spectra were recorded in transmission in the range of 4000-400 cm -1 , using KBr pellets for the sample preparation. Approximately 16 scans with spectral resolution 4 cm -1 were added to achieve a good signal-to-noise ratio.
Gel permeation chromatography (GPC) was used for determination of average molecular weights and the degree of polydispersity (Q), using HPLC -GPC Agilent 1100 Series with RID detector 1200 Series. The column used for the molecular weights determination was in the range of 10 2 -10 6 g/mol was ZORBAX -BIMODAL -S, 250 x 6,2 mm, 5µm. Solutions of sodium salts of poly(styrenesulfonate) in water, with narrow molecular weight distribution were used as calibration standards. Calorimetric measurements were performed in a TA Instruments Q20 DSC apparatus. Nitrogen gas was let through the DSC cell with a flow rate of 50 mL/min. The temperature of the equipment was calibrated with indium. The melting heat of indium was used for calibrating the heat flow. Samples mass was ca 6 mg. First, the samples were heated with a heating rate of 10 °C min -1 from 20 °C to 180 °C (to erase thermal history), then cooled to 20 °C, at a rate of 20 °C min -1 , at 20 ° C sample was kept for 5 minutes and then again heated to 200 °C, at a rate of 10 °C min -1 . Second heating scans were used in determination of thermal parameters of copolymers. Glass transition temperatures (T g ) were determined by means of the inflexion points on the calorigrams. Melting temperatures (T m ) were determined by positions of melting endotherm peaks. Specific melting enthalpies (H m ) were calculated from area below endotherm peaks.
X-ray diffraction measurements were performed using Diffractometer PW 1729 CuKα, XRD Philips. Starting angle 2Θ was 5°, ending 40° and step 0,05°. Exposition time hold at every point was 1 s.
The ability of the acrylate based copolymer to inhibit incrustation is the result of its capacity to disperse sparingly water-soluble solids. One of the methods for determination of dispersing capacity is titration of the dispersing agent solution with calcium acetate (CaAc) in the presence of an excess of carbonate ions until opalescence occurs. For calcium carbonate dispersing capacity test (CCDC) 1.0 g of acrylate-copolymer was dissolved in 100 ml of distilled water and neutralized. pH value of the solution was adjusted to 11, by adding 10 ml of 10 % sodium carbonate solution. Solution was then titrated with 0,25 M calcium acetate solution, maintaining the pH and temperature at a constant level. . This gives evidence about participation of hydroxy groups in the copolymer chains in strong secondary (H-bonding) interactions with other carbonyl and hydroxy groups present in the same or neighbour copolymer chains.
The two strong overlapping peaks at 1650 cm -1 and 1553 cm -1 can be probably attributed to stretching vibration C=O in neutral and ionized carboxy groups, respectively.
There was no absorption peaks at 1820 cm -1 ~ 1840 cm -1 of the anhydride groups, or 665 cm -1 to 995 cm -1 of the C = C groups in the polymer [12] .
Figure 2. FT-IR spectra of copolymer PAAcoMA-70/30-1Fe

2+ Slika 2. FT-IR spektar kopolimera PAAcoMA-70/30-1Fe 2+
Results of average molecular weights measurements, polydispersity, amount of unreacted monomer and calcium carbonate dispersing capacity (CCDC) are shown in the Table 1 . As it can be seen, concentration of Fe 2+ and molecular weight of copolymer are inversely related, so with increasing of Fe 2+ content molecular weight decreases. This also had an influence on degree of polydispersity, which increased with decreasing of molecular weights, but still remains in the range where controlled polymerization is possible to perform. The amount of unreacted monomer is very low for all samples, around and below 2% which indicates on successful polymerization, and slightly decreased with increasing of Fe 2+ content in reaction medium.
CCDC values for synthesized copolymers were around 300 mg CaO/g, except for sample with highest amount of Fe
+2
, and CCDC decreased with decreasing of molecular weights of copolymers. The thermal properties of the obtained samples were analyzed by DSC and the results are illustrated in Figure 3 and summarized in Table 2 . From the obtained DSC results it can be concluded that the increase of the maleic acid content is accompanied by increase in the values of T g , T m and H m . As shown above, presence of secondary interactions in the investigated copolymers is approved by FTIR. Therefore, the observed increase of T g , T m and H m values can be explained in the following way. Molecule of maleic acid has two COOH groups, unlike molecule of acrylic acid which has one COOH group, only. Consequently, presence of maleic acid in copolymer chains increases number of groups able of secondary interactions (such as hydrogen bonding) on polymer chain which results in decreased mobility of polymer segments and, consequently, the increased Tg value, (see Table 2 and Figure 3 ). This also improves orientation of polymer segments, and increases ordering of polymer chains, which is reflected in the increase in the value of the melting enthalpy, as the content of maleic acid increasing. The increase of concentration of Fe 2+ ion, such as polymer chains length regulator, shows more influence on the thermal properties of the samples with a greater content of maleic anhydride. This effect can be explained by a strong influence of Fe 2+ ion on the polymer molar mass. Data presented in Table 2 show that the addition of 5 wt% Fe 2+ ion reduces molar mass as much as 25000 g mol -1 as compared to samples with 1 wt% of Fe 2+ ions, for samples with higher content of maleic acid. Because of this, the decreasing of Tg, Tm and ΔHm values were more noticeable for samples with 30 wt% of maleic acid compared to the samples of copolymers with a 20 wt% of maleic acid, Table 2 . Increasing the Fe 2+ ion content not affect the Tm value, as it was expected, because, the same arranged structure melt at similar temperature, but resulted in lower ΔHm values, probably due to reduction of the molecular weight and crystalinity by the addition of iron. Crystalline structure of synthesized copolymers observed by DSC is confirmed by XRD analysis (see Figure 4) . Two diffraction peaks at 10,8 and 17,2⁰ in copolymer with 70% PA and 3% Fe 2+ (Figure 4 .a) and one peak at 18,6⁰ in copolymer with 80% of PA and 3% of Fe 2+ (Figure 4 .b) were detected. More ordered structure is found in copolymers with higher amount of maleic acid, due to higher concentration of carboxylic functional groups participating in ionic and hydrogen bonding. 
CONCLUSION
By using Fe 2+ ions as chain length regulator it is possible to control molecular weights of synthesized carboxylated polymer and obtain copolymers with desired properties. Increasing amount of Fe 2+ used in the synthesis leads to formation of copolymers with shorter chains (lower molar mass) and lower calcium carbonate capacity. DSC results show that higher maleic acid content in copolymers increases in the values of glass transition temperature, melting temperature and specific melting enthalpy. In agreement with FTIR results, this observation is attributed to higher number of carboxy groups able of strong secondary (ionic and Hbonding) interactions brought to copolymer chains by maleic acid molecules during synthesis. Increased number of secondary interactions between copolymer chains is also reflected in higher ordering of polymer segments observed by XRD analysis.
